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(https://conferences.ieee.org/conferences_events/conferences/conferencedetails/45307 ).  
 
Papers in International Conference of Artificial Intelligence and Information Technology 2019 for 
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2. Submit the paper’s revision to  icaiit.reg@uajy.ac.id 
Failing to do the requirement will be subjected to eliminated from proceeding of International 
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1570523658 Rough-Regression for Categorical Data Prediction based on Case Study 
(Riswan Efendi, Susnaningsih Mu’at, Voni Apriana Dewi, Nelsi Arisandy, 
Noor Azah Samsudin, Dadang Syarif Sihabudin Sahid) 
Titanium 1 (4), 13.00-
13.15 
277 
1570523931 A Comparison of the Use of Several Different Resources on Lexicon Based 
Indonesian Sentimentc Analysis on App Review Dataset 
(Bayu Trisna Pratama, Ema Utami, Andi Sunyoto) 
Ballroom 2 (4), 12.45-
13.00 
282 
1570523975 Image Based Leaf Area Measurement Method Using Artificial Neural 
Network 
(Joko Siswantoro, Ida Bagus Made Artadana) 
Titanium 2 (2), 16.30-
16.45 
288 
1570524081 Contrast-enhanced Based on Abdominal Kernels for CT Image Noise 
Reduction 
(Riky Tri Yunardi, Qurratul Istiqomah, Risalatul Latifah) 
Ballroom 1 (2), 16.30-
16.45 
293 
1570524566 Improved Particle Swarm Optimization By Fast Simulated Annealing 
Algorithm 
(Samar Salem Ahmed Omar Bashath, Amelia Ritahani Ismail) 
Titanium 1 (4), 13.30-
13.45 
297 
1570524898 FHC-Optimization Model for Deciding the Objective Hajj Pilgrims to 
Restricted Quota (Case Study: Hajj Pilgrimage Procedure in Indonesia) 
(Ditdit Nugeraha Utama, Muhammad Faturrahman, Methamazid Rusdi, 
Ibnu Yahya Saputra, Fuji Suci Isnaeni, Bayu Waspodo) 
Titanium 1 (4), 13.15-
13.30 
302 
1570525893 Detection of Anomalies in Citrus Leaves Using Digital Image Processing and 
T2 Hotelling Multivariate Control Chart 
(Marcelinus Alfasisurya Setya Adhiwibawa, Waego Nugroho, Solimun) 
Titanium 2 (2), 16.45-
17.00 
310 
1570526013 Adapted Flower Pollination Algorithm for Lecturer-Class Assignment 
(MA. SHIELA C. SAPUL, Rachsuda Setthawong, Pisal Setthawong) 
Titanium 1 (1), 13.45-
14.00 
315 
1570526180 Fuzzy Coordinator based AI for Dynamic Difficulty Adjustment in Starcraft 2 
(Muhammad Daryl Bey Sandy Supriyadi, Supeno Mardi Susiki Nugroho, 
Mochamad Hariadi) 
Titanum 2 (4), 14.15-
14.30 
322 
1570526192 Digital Overcurrent Relay Implementation With Non-Standard Inverse Curve 
Modelling Using Adaptive Neuro Fuzzy Inference System 
Titanium 2 (4), 13.30-
13.45 
327 
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(Dimas Okky Anggriawan, Eka Prasetyono, Fikri Fahrisi, Anang Budikarso, 
Anang Tjahjono, Hardefa Rizky Putu Rogonondo) 
1570526214 Harmonics Reduction for Four-Leg Distribution Network-Connected Single 
Phase Transformerless PV Inverter System Using Diagonal Recurrent Neural 
Network 
(Dedy Kurnia Setiawan, Mochamad Ashari, Heri Suryoatmojo) 
Titanium 2 (1), 14.15-
14.30 
331 
1570526218 Melanoma Classification Using Texture and Wavelet Analysis 
(Akhiyar Waladi, Nanda Maulina Firdaus, Aniati M. Arymurthy) 
Ballroom 2 (4), 14.15-
14.30 
336 
1570526222 Deep Learning-Based Patient Visits Forecasting Using Long Short Term 
Memory 
(Hayuning Titi Karsanti, Igi Ardiyanto, Lukito Edi Nugroho) 
Titanium 1 (2), 15.45-
16.00 
344 
1570526281 Offensive Language Detection using Artificial Neural Network 
(Meredita Susanty, Ahmad Fauzan Rahman, Muhammad Dzaky 
Normansyah, Ade Irawan, Sahrul) 
Ballroom 2 (4), 13.30-
13.45 
350 
1570526304 Customizable Dynamic Hand Gesture recognition System for Motor 
Impaired people using Siamese neural network 
(Pullakandam Muralidhar, Prashanth Sateesh, Amartya Saha) 
Titanium 1 (2), 16.00-
16.15 
354 
1570526319 Use of ARIMA Method To Predict The Number of Train Passenger In Malang 
City 
(Triyanna Widiyaningtyas, Muladi, Adiba Qonita) 
Titanium 1 (2), 16.15-
16.30 
359 
1570526385 Sentiment Analysis In Twitter Using Lexicon Based and Polarity 
Multiplication 
(Kusrini, Mochamad Mashuri) 
Ballroom 2 (4), 13.00-
13.15 
365 
1570526401 Heart Rate Estimation from Wrist-Type Photoplethysmographic Signals 
Corrupted by Intense Motion Artifacts using NLMS Adaptive Filter and 
Spectral Peak Tracking 
(Put Gani Ayub Tamudia, Astri Handayani, Agung Wahyu Setiawan) 
Titanium 3 (2), 16.45-
17.00 
369 
1570526412 The Effect of Game Experience from Counter-Strike: Global Offensive 
(Sasmoko Sasmoko, Jason Harsono, Yogi Udjaja, Yasinta Indrianti, Jurike 
Moniaga) 
Titanium 1 (3), 10.30-
10.45 
374 
1570526423 Dynamic Background Video Forgery Detection using Gaussian Mixture 
Model 
(Nugroho Satriyanto, Rinaldi Munir, Harlili) 
Titanium 2 (4), 13.45-
14.00 
379 
1570526452 Study on a Train- and Bus-based Delay-Tolerant Networks: Scheduled 
Mobility and Impact on Routing 
(Agus Urip Ari Wibowo, Selo Sulistyo, I Wayan Mustika) 
Titanium 1 (2), 16.45-
17.00 
384 
1570526453 A Study on Part Affinity Fields Implementation for Human Pose Estimation 
with Deep Neural Network 
(Jessika, Isca Amanda, Hasna Marhamah Auliya, Astri Handayani) 
Ballroom 1 (2), 16.15-
16.30 
391 
1570526455 Automated Segmentation of Breast Tissue and Pectoral Muscle in Digital 
Mammography 
(Aulia Rahmatika, Astri Handayani, Agung Wahyu Setiawan) 
Titanium 3 (2), 15.30-
15.45 
397 
1570526456 Proportional-Derivative Control for Quadrotor Stabilization under Inertia 
Perturbation 
(Nurman Setiawan, Samiadji Herdjunanto , Adha Imam Cahyadi) 
Ballroom 2 (4), 14.30-
14.45 
402 
1570526466 Determining Banana Types and Ripeness from Image using Machine 
Learning Methods 
(Irzal Ahmad Sabilla, Cahyaningtyas Sekar Wahyuni, Chastine Fatichah, Darlis 
Herumurti) 
Ballroom 1 (2), 16.00-
16.15 
407 
1570526480 Predicting Candidates For Fit And Proper Test Using K-Nearest Neighbor 
(TIO SAMPURNO, Beni Hediyantama, Martini Ayu Widiyati 
Titanium 1 (1), 13.30-
13.45 
413 
1570526499 Face Recognition of Low-Resolution Video Using Gabor Filter & Adaptive 
Histogram Equalization 
(Hendy William Sino, Indrabayu, Intan Sari Areni) 
Titanium 2 (4), 13.15-
13.30 
417 
1570526500 Improved Ranking Based Collaborative Filtering Using SVD and Borda 
Algorithm 
(Muhammad Iqbal Ardiansyah Teguh Bharata Adji, Noor Akhmad Setiawan) 
Ballroom 1 (3), 10.45-
11.00 
422 
1570526502 Word Embedding Comparison for Indonesian Language Sentiment Analysis 
(Helmi Imaduddin, Widyawan, Silmi Fauziati) 
Ballroom 2 (4), 13.15-
13.30 
426 
1570526507 HERO: Maximizing Student Potential to Mobilize Community Empowerment Titanium 1 (1), 13.15- 431 
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Activities Around Campus 
(Rohmat Tulloh, Ridha Muldina Negara, Yayan Eka Yudha Prasetya, Sendy 
Saputra) 
13.30 
1570526512 Backpropagation Implementation To Classify Dysgraphia In Children 
(Pratama Wisnu Samodro, Sari Widya Sihwi, Winarno) 
Titanium 1 (4), 13.45-
14.00 
437 
1570526525 The Repercussions of Game Multiplayer Online Battle Arena 
(Sasmoko, Senly Halim, Yasinta Indrianti, Yogi Udjaja, Jurike Moniaga, Brilly 
Andro Makalew) 
Titanium 1 (3), 10.45-
11.00 
443 
1570526529 A Review of Sentiment Analysis for Non-English Language 
(Fahim Djatmiko, Ridi Ferdiana, Muhammad Faris) 
Ballroom 2 (4), 13.45-
14.00 
448 
1570526533 The Influence of User Experience Playerunknown’s Battlegrounds Game 
Toward Adaptive Learning 
(Jurike Moniaga, Bonavensius Yosua Aprilianus Tansil, Sasmoko, Yasinta 
Indrianti, Noerlina) 
Titanium 1 (3), 11.15-
11.30 
452 
1570526538 Implementation of Depth-HOG based Human Upper Body Detection On A 
Mini PC Using A Low Cost Stereo Camera 
(Bima Sena Bayu Dewantara, Fernando Ardilla, Ardiansyah At Thoriqy) 
Ballroom 1 (2), 15.45-
16.00 
458 
1570526541 Thermal Optimization on Incubator using Fuzzy Inference System based IoT 
(Renny Rakhmawati, Irianto, Farid Dwi Murdianto, Atabik Luthfi, Aviv Yuniar 
Rahman) 
Ballroom 2 (3), 10.30-
10.45 
464 
1570526544 A Neural Network based Approach for Predicting Indonesian Teacher 
Engagement Index (ITEI) 
(Sucianna Ghadati Rabiha, Sasmoko, Emny Harna Yossy, Yasinta Indrianti) 
Titanium 1 (2), 16.30-
16.45 
469 
1570526547 Incorporating Information Technology Concept to Sustainable Enterprise 
(Erda Guslinar Perdana, Husni S. Sastramihardja, Iping Supriana Suwardi) 
Ballroom 1 (3), 10.30-
10.45 
475 
1570526549 Auto-Encoding Progressive Generative Adversarial Networks for 3D Multi 
Object Scenes 
(Vedant Singh, Manan Oza, Himanshu Vaghela, Pratik Kanani) 
Ballroom 2 (4), 14.45-
15.00 
481 
1570526552 Pneumonia Detection with Deep Convolutional Architecture 
(Abdullah Faqih Al Mubarok, Ahmad Habbie Thias, Dominique Jeffrey 
Alamaro Maximilianus) 
Titanium 3 (2), 15.45-
16.00 
486 
1570526555 Audio Signal Transmission over Vehicular Channel with Moving Scatterer 
(Jans Hendry, Wahyu Pamungkas, Anggun Fitrian Isnawati, Eka Setia 
Nugraha) 
Titanium 2 (3), 10.30-
10.45 
490 
1570526557 Machine Learning for Data Processing in Vessel Telemetry System: Initial 
Study 
(Herry Susanto, Gunawan Wibisono) 
Titanium 2 (3), 11.15-
11.30 
496 
1570526563 Indonesian Sign Language (BISINDO) Translation System with ORB for 
Bilingual Language 
(Rahmatullah Arrizal Pranatadesta, Iping Supriana Suwardi) 
Titanium 1 (4), 12.30-
12.45 
502 
1570526573 An Efﬁcient Resource Allocation Mechanism for Time-Sensitive Data in Dew 
Computing 
(M Saddam Hossain Khan, Puloma Roy, Fatema Khanam, Farzana Hannan 
Hera, Amit Kumar Das) 
Ballroom 1 (4), 14.30-
14.45 
506 
1570526714 Comparison Road Safety Education with and without IoT to Develop 
Perceptual Motor Skills in Early Childhood Children Aged 4-5 
(Mario Nugroho Willyarto, Anggraeni S. Reksodipuro, Ulani Yunus, 
Suryadiputra Liawatimena) 
Ballroom 1 (4), 14.15-
14.30 
511 
1570526750 A Simple RBAC And SSO Architecture for ISONER  Framework 
(I Made Sukarsa, I Ketut Gede Darma Putra, Nyoman Putra Sastra, Lie Jasa) 
Titanium 2 (3), 10.45-
11.00 
517 
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Fig.1. Block diagram of the developed chord recognition system. 
The Influence of Sampling Frequency on 
Guitar Chord Recognition using DST Based 
Segment Averaging 
Linggo Sumarno 
Electrical Engineering Study Program 
Sanata Dharma University 
Yogyakarta, Indonesia 
lingsum@usd.ac.id 
Abstract— Generally, a sampling frequency of chord 
recognition systems follows the Shannon sampling theorem. 
This paper investigates the influence of sampling frequency 
that does not follow the Shannon sampling theorem in a chord 
recognition system. The chord recognition system uses a 
transform domain approach that makes use a DST (Discrete 
Sine Transform). In addition, the chord recognition system 
uses segment averaging for feature extraction. An acoustic- 
electric guitar is used in this work. Based on the experiments, a 
decrease in the sampling frequency from 2500 Hz down to 156 
Hz has almost no influence in the recognition rate. As a first 
note, we only consider the recognition rate above 95%. As a 
second note, we use at least frame blocking length of 128 points 
and feature extraction length of 16 points. Therefore, if that 
kind of recognition rate could be accepted, the sampling 
frequency as low as 156 Hz could still be used for guitar chord 
recognition. 
Keywords— sampling frequency, chord recognition, segment 
averaging 
I. INTRODUCTION
In the field of signal processing there is a process named 
the sampling process. This process aims to convert analog 
signals to digital signals. The sampling process requires a 
sampler. A main parameter in the sampler is the sampling 
frequency. Generally, the magnitude of sampling frequency 
on the sampler follows the Shannon sampling theorem. This 
theorem is followed in order that in the reverse process, 
namely the process of converting digital signals to analog 
signals, these analog signals can be perfectly recovered [1]. 
In the field of pattern recognition relating to chord 
recognition, the Shannon sampling theorem is generally 
followed. Previous researches relating to chord recognition 
were generally based on PCP (Pitch Class Profile) and its 
derivatives [2-7]. These researches were based on transform 
domain approaches that made use the fundamental 
frequencies of chords. Basically, if the sampling frequencies 
of these researches do not follow the Shannon sampling 
theorem, the fundamental frequencies of chords can not be 
perfectly obtained. 
As described above, there were no previous researches, 
relating to chord recognition used sampling frequencies that 
did not follow the Shannon sampling theorem. Therefore, a 
research of a chord recognition that makes use of sampling 
frequencies that do not follow the Shannon sampling 
theorem, is still open. As a note, if we use sampling 
frequencies that do not follow the Shannon sampling 
theorem, we will have smaller data for processing. 
This paper will investigate the influence of sampling 
frequencies that do not follow the Shannon sampling 
theorem, on a chord recognition system. The chord 
recognition system in this work uses a transform domain 
approach. A DST is used in this transform domain approach. 
In this case, this transform domain approach does not use 
fundamental frequencies.   
II. RESEARCH METHOD
A. System Development
A developed chord recognition is shown in Fig. 1. The
input is a recording of an isolated chord signal in wav 
format. The output is a character that indicates a recognized 
chord. The input of the chord recognition system and also the 
function of each block of the chord recognition system are 
explained in details below. 
The input 
The input of the chord recognition system is a recording 
of chord signals in an isolated wav format. The chord 
signals were acquired from an acoustic-electric guitar 
Yamaha CPX 500-II as shown in Fig. 2. 
The chord signals were recorded using various 
sampling frequencies: 2500Hz, 1250 Hz, 625 Hz, 312 Hz, 
156 Hz, and 78 Hz. The highest sampling frequency of 
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Fig. 2. The acoustic-electric guitar used in this work. 
 
2500Hz was chosen because it had followed the Shannon 
sampling theorem [1]: 
 
 (1)
 
 
where fmax is the highest fundamental frequency of tone G4 
(392 Hz) from the G chord, and fs is the sampling frequency. 
Based on the evaluation, the recording duration of 2 seconds 
was sufficient to obtain the sufficient steady state region for 
the frame blocking process. As a note, we used major chords 
C, D, E, F, G, A, and B in this work. Furthermore, in this 
paper, while the chords C, D, E, F, G, A, and B are 
mentioned, they are indicated as major chords. 
 
Normalization 
Normalization is the process of making the maximum 
absolute value of the input signal data to the value 1. 
Normalization is needed because the input signal data has a 
variation on its maximum absolute value. Normalization is 
done using the following equation. 
 
 (2) 
 
where xin and xout are the input and the output of signal data 
vectors of normalization process respectively. 
 
Silence and transition removal 
Silence and transition removal is a process for removing 
silence and transition areas from the signal data. Silence and 
transition areas are located on the left side of the signal data. 
Based on observations, the amplitude threshold |0.5| was 
needed to remove the silence area. Starting from the 
leftmost area of the signal data, if the signal's amplitude is 
less than |0.5| then the signal data is removed. After the 
removal of the silence area, the removal of the transition 
area is carried out. Based on observations, the removal of 
200 milliseconds of signal data from the left side area is 
needed, in order to remove the transition area. 
 
Frame blocking 
Frame blocking is a process for obtaining a short signal 
data from a long signal data [10]. This short signal data will 
reduce the amount of data that will be processed by the 
chord recognition system. The advantage of this smaller 
amount of data is the reduced computing time. In this work, 
the frame blocking length is 2n, where n is a positive integer. 
 
Windowing 
Windowing is a process for lowering the appearance of 
discontinuities at the edges of signal data [10]. The 
appearance of this discontinuity is caused by the cutting of 
signal data in the frame blocking above. This discontinuity 
will generate harmonic signals in the transformed signal 
data. This work used the Hamming window [11] for the 
purposes of windowing. This kind of windows is a window 
that is widely used in digital signal processing [12]. In this 
work, the window length is equal to the frame blocking 
length. 
 
DST 
DST is a process for transforming signal data from the 
time domain to the DST domain. DST is a type of 
transformation that is derived from DFT (Discrete Fourier 
Transform). For the sequence of signal data x(n) with a 
length of N points, the DST of the sequence is 
mathematically formulated as follows. 
 
 (3) 
 
where . In this work, the value of N used in the 
DST calculation is equal to the frame blocking length. In 
addition, in this work the calculation of the absolute value of 
DST is used, because there is a subsequent process, namely 
logarithmic scaling, which does not allow calculations with 
negative values. 
 
QHPS (Quasi Harmonic Product Spectrum) 
QHPS is a process for eliminating unwanted harmonic 
signals. This paper proposes this QHPS that derived from 
original HPS (Harmonic Product Spectrum) [13]. Based on 
the observations, QHPS could make the difference between 
a chord with the other chords became clearer. This QHPS 
algorithm is shown as follows. 
 
QHPS Algorithm 
 
1. Consider a sequence X(k)={X(0), X(1), … , X(N-1)} 
with N=2p and p ≥ 0. 
2. Do sequence downsampling for X(k) in order to get 
 
XD(k)={X(0), X(2), … , X(N-2)} 
 
3. Do sequence cutting for X(k) in order to get 
 
XC(k) = {X(0), X(2), … , X((N/2)-1)} 
 
4. Do element multiplication between XD(k) and XC(k) in 
order to get the QHPS result 
 
Y(k) = XD(k) . XC(k)  (4) 
 
In this work, the value of N used in the QHPS process is 
equal to the frame blocking length. 
 
Logarithmic scaling 
Logarithmic scaling is the process for increasing the 
appearance of significant local peaks. This logarithmic 
scaling is needed because, based on previous researches 
using segment averaging feature extraction [8,9], there was 
an indication that segment averaging feature extraction 
showed better results for signal data that have many 
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Fig.3. Block diagram of the chord feature extraction. 
significant local peaks. Mathematically, this logarithmic 
scaling is shown as follows. 
 
  (5) 
 
where Yin and Yout are the input and the output of signal data 
vectors of logarithmic scaling process respectively. The 
value of α is called a logarithmic scale factor. There is an 
addition of ‘1’ in the above formula. This addition is 
intended to avoid infinite logarithmic results, when there is a 
zero value in the Yin vector element. 
 
Segment averaging 
Segment averaging is the process of getting a shorter 
signal data sequence, from a longer signal data sequence. 
Basically, this shorter signal data sequence still shows the 
basic form of a longer signal data sequence. This work used 
the segment averaging algorithm inspired by Setiawan [14]. 
The segment averaging algorithm is shown as follows. 
 
Segment Averaging Algorithm 
 
1. Consider the sequence Y(k) ={Y(0), Y(1), … , Y(N-1)} 
where N = 2p and p ≥ 0. 
2. Set the segment length L, where L= 2q for 0 ≤ q ≤ p. 
3. Divide the sequence Y(k) by using the segment length 
L. Thus it will be will be resulted a number of M 
segments as follows 
    (6) 
and also the sequence G(u)={G(1), G(2), … , G(L)} in 
each segment. 
4. Calculate the average value for each segment S(v) in 
order to get the result of the segment averaging 
     (7) 
The result of the segment averaging process S(v)= {S(1), 
S(2), … , S(M)} is called as the feature extraction from the 
input signal. In this work, the value of N in the segment 
averaging process is equal to the frame blocking length. 
 
Similarity calculation 
Similarity calculation is the process of calculating a 
number of similarity values, between feature extraction from 
the input signal with a number of reference feature 
extractions stored in a chord database. This similarity 
calculation indicates that the guitar chord recognition 
system in this work uses the template matching method 
[15,16]. This work uses cosine similarity for the similarity 
calculation. Cosine similarity is a calculation of similarity 
that has been popularly used [17]. 
 
Chord decision 
Chord decision is a process of finding a chord that 
corresponds to the input signal. The first step of the chord 
decision is to find a maximum value from a number of 
similarity values. This number of similarity values are the 
result of the previous similarity calculation process. The 
second step of the chord decision is to find an output chord, 
which corresponds to the one of the feature extraction chord 
in the chord database, which has the highest similarity 
value. 
B. Chord Database 
A chord database is shown in Fig. 1. Based on Fig. 1, the 
chord feature extraction is shown in Fig. 3. The input from 
the chord feature extraction is a recording of chord signal in 
the isolated wav format, while the output is a chord feature 
extraction. 
In this work, a number of 10 samples of chord signals 
were taken for each chord C, D, E, F, G, A, and B. In this 
case, it was assumed that all of the signal variations of each 
chord could obtained by taking 10 samples for each chord. 
A total of 10 samples for each chord will give 10 feature 
extractions for each chord. Furthermore, the feature 
extraction results for each of these chords are averaged to 
obtain a reference feature extraction for each chord, as 
follows.  
     (8) 
 
where the vector {Si | 1 ≤ i ≤ 10} are 10 feature extraction 
results for each chord, and the vectors { ZT |T = C, D, E, F, 
G, A, and B} are the seven reference feature extraction 
stored in a chord database. As a note, a single reference 
feature extraction is generated from a single sampling 
frequency value, a single frame blocking length value, and a 
single feature extraction length value. 
C. Test Chords 
Test chords are the chords used to test the recognition 
performance of the chord recognition system. The test chords 
consist of 70 chords. This test chords came from seven 
chords C, D, E, F, G, A, and B, where each chord recorded 
repeatedly as many as 10 times. In this work, the test chords 
were used to test performance on each sampling frequency, 
each frame blocking length, and each feature extraction 
length. 
D. Recognition Rate 
Recognition rate is a performance indicator of the chord 
recognition system. In this work, the recognition rate is a 
comparison between the number of chords that are correctly 
recognized with the number of chords tested. The 
recognition rate is formulated mathematically as follows. 
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TABLE I.  RESULTS OF CHORD RECOGNITION TEST. RESULTS SHOWN: 
RECOGNITION RATE (%) 
Frame 
blocking 
length 
(points) 
Feature extraction length (points) 
1 2 4 8 16 32 64 
(a) fs = 2500 Hz 
16 14.29 27.14 18.57 – – – – 
32 14.29 20.00 28.57 45.71 – – – 
64 14.29 38.57 50.00 70.00 87.14 – – 
128 14.29 25.71 47.14 78.57 95.71 97.14 – 
256 14.29 37.14 70.00 85.71 95.71 98.57 100 
(b) fs = 1250 Hz 
16 14.29 22.86 28.57 – – – – 
32 14.29 24.29 27.14 47.14 – – – 
64 14.29 17.14 40.00 65.71 91.42 – – 
128 14.29 18.57 40.00 72.86 95.71 97.14 – 
256 14.29 22.86 51.42 74.29 97.14 98.57 98.57 
(c) fs = 625 Hz 
16 14.29 25.71 30.00 – – – – 
32 14.29 27.14 47.14 67.14 – – – 
64 14.29 32.86 45.71 62.86 77.14 – – 
128 14.29 32.86 55.71 75.71 97.14 98.57 – 
256 14.29 24.89 58.57 82.86 97.14 97.14 98.57 
(d) fs = 312 Hz 
16 14.29 27.14 48.57 – – – – 
32 14.29 34.29 58.57 65.71 – – – 
64 14.29 35.71 62.86 75.71 82.86 – – 
128 14.29 35.71 64.29 87.14 97.14 97.14 – 
256 14.29 34.29 65.71 84.29 95.71 98.57 98.57 
(e) fs = 156 Hz 
16 14.29 27.14 48.57 – – – – 
32 14.29 34.29 70.00 71.42 – – – 
64 14.29 44.29 64.29 77.14 91.43 – – 
128 14.29 41.43 72.86 90.00 95.71 98.57 – 
256 14.29 52.86 82.86 95.71 95.71 98.57 98.57 
(f) fs = 78 Hz 
16 14.29 34.29 38.57 – – – – 
32 14.29 41.43 60.00 70.00 – – – 
64 14.29 40.00 68.57 75.71 90.00 – – 
128 14.29 32.86 65.71 72.86 87.14 92.86 – 
 
TABLE II. THE EFFECT OF LOGARITHMIC SCALE FACTOR ON THE 
RECOGNITION RATE, ON SAMPLING FREQUENCY OF 156 
HZ, AND FEATURE EXTRACTION LENGTH OF 16 POINTS 
Logarithmic 
scale factor  1 10 100 1000 10000 
Recognition 
rate (%) 91.43 94.29 95.71 95.71 94.29 
 
 
       (9) 
 
III. RESULTS AND DISCUSSION 
A. Test Results 
We used the chord recognition system shown in Fig. 1, to 
test the influence of sampling frequency on the guitar chord 
recognition. The test results are shown in Table I. As a note, 
the test results in Table I were obtained by using the value of 
100 on the logarithmic scale factor. 
Table I indicates that from a sampling frequency of 2500 
Hz down to 156 Hz (by using frame blocking length of 128 
and 256 points and also feature extraction length of 16, 32 
and 64 points), there are almost no influence in the 
recognition rates, if we only consider the recognition rates 
above 95%. By considering the recognition rate above 95%, 
the lowest sampling frequency and the shortest feature 
extraction length obtained are 156 Hz and 16 points, 
respectively. 
From the point of view of sampling frequency, the 
highest frequency component is 392 Hz (tone G4) that come 
from chord G. Therefore, based on this highest frequency 
component, equation (1), and also Table I, the sampling 
frequency of 2500 Hz down to 1250 Hz, follow the Shannon 
sampling theorem. Starting from a sampling frequency of 
625 Hz and below, the sampling frequencies do not follow 
the Shannon sampling theorem. 
From the point of view of signal reconstruction, in 
general, when the sampling frequency decreases, the 
aliasing area will increase. This aliasing area is located in 
the high frequency region. The effect that arises from the 
increase in the aliasing area is a lowpass filtering with a 
decreasing cutoff frequency. For the same reason, from the 
point of view of signal sampling, if the sampling frequency 
decreases, the low pass filtering effect with a decrease in the 
cutoff frequency will also appear. The result is that there 
will be fewer numbers of significant frequency components. 
Therefore, if the number of significant frequency 
components (significant local peaks in the DST domain) 
from the signal becomes fewer, the number of data used to 
distinguish one chord with the other chords becomes fewer. 
This event will reduce the recognition rate. 
From the point of view of data size, based on Table I, a 
decrease in the sampling frequency of 93.76% (from 2500 
Hz down to 156 Hz) will also reduce data size by 93.76%. 
However, a decrease in this data size has almost no 
influence in the recognition rate, if we use at least frame 
blocking length of 128 points and feature extraction length 
of 16 points. This case indicates that up to as slow as 156 Hz 
for the sampling frequency, if we use at least frame blocking 
length of 128 points and feature extraction length of 16 
points, the chord recognition system is not sensitive to 
sampling frequencies that do not follow the Shannon 
sampling theorem. 
 
Logarithmic scaling 
The logarithmic scaling process as shown in Fig. 1, uses 
the logarithmic scale factor shown in equation (5). As shown 
in Table II, the logarithmic scale factor that is too small or 
too large will reduce the recognition rate. The decrease in the 
recognition rate is due to the increasing level of feature 
extraction similarity. Basically, the increasing level of 
feature extraction similarity will result in more difficulty in 
distinguishing between one feature extraction pattern and the 
other feature extraction patterns. As a result of this 
increasing level of feature extraction similarity is a decrease 
in the recognition rate. Based on Table II, the smallest 
optimal value for the logarithmic scale factor is 100.  
 
%100
chords test ofNumber 
chordscorrect ofNumber ratenRecognitio ´=
68
IV. CONCLUSION
This work aimed to investigate the effect of sampling 
frequencies that did not follow the Shannon sampling 
theorem on the guitar chord recognition system. In this case, 
the chord recognition system used a transform domain 
approach by making use of a DST. In addition, the chord 
recognition system used segment averaging for feature 
extraction. 
Based on our experiments, a decrease in the sampling 
frequency of 2500 Hz down to 156 Hz has almost no effect 
in the recognition rate. In this case, as a first note, we only 
consider the recognition rate above 95%. As a second note, 
we use at least frame blocking length of 128 points and 
feature extraction length of 16 points. 
For further research, the investigation of the sampling 
frequency that does not meet the Shannon sampling theorem 
can be applied to other chord recognition systems. In this 
case, the chord recognition systems use other than a segment 
averaging for feature extraction. 
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